Gestational diabetes induces pancreatic beta-cells apoptosis in adult rat offspring. Int. J. Morphol., 35(1):16-20, 2017. SUMMARY: Several studies indicated that pancreatic β-cell death occurs in both type 1 and type 2 diabetes. This experimental study was designed to determine the effect of gestational diabetes on the β-cells in 16-week-old rat offspring. By this aim, adult Wistar rats aged 10-12 weeks were randomly allocated in control and diabetic groups. The diabetic group received 40 mg/kg/body weight of streptozotocin (STZ) on day zero of gestation. After delivery, diabetic offspring of GDM mothers and controls at the age of 16 weeks were sacrificed and pancreases harvested and fixed. The number of β-cells and were counted by Gomori's method staining. Also, apoptosis in pancreas tissue of diabetic and control offspring was detected by TUNEL assay. Results showed a significant reduction in β-cell number in offspring of GDM (p<0.05). TUNEL assay showed that the number of apoptotic cells increased in GDM compared to controls (P<0.05). This study revealed that gestational diabetes induces pancreatic beta-cells apoptosis in 16-week-old rat offspring.
INTRODUCTION
Diabetes mellitus are multifactorial disorders classified to type 1: an autoimmune β-cell destruction, type 2: a combination of insulin resistance in peripheral tissues and β-cell failure and gestational diabetes. Gestational diabetes mellitus (GDM) is a common metabolic disease of pregnancy characterized by hyperglycemia resulting in insulin resistance or failure of sufficient insulin production by pancreatic beta cells (American Diabetes Association, 2014) . GDM is a condition affecting approximately 2-10 % of all pregnancies in the United States and Europe (Landon & Gabbe, 2011) . Diabetes in pregnant women leads to adverse short-term and long-term metabolic disease states in both the mother and offspring (Lambrinoudaki et al., 2010 & Vrachnis et al., 2012 . Children born to mothers diagnosed with GDM are more susceptible to complex diseases, including obesity, type 2 diabetes and cardiovascular complications during adulthood. Different studies have demonstrated that infants of diabetic mothers have an increased risk for type 2 diabetes in later childhood and as adults (Boloker et al., 2002; Damasceno et al., 2014) . Type 2 diabetes is characterized by a progressive decline in beta-cell function and chronic insulin resistance (Butler et al., 2003) . Proliferation of insulin-secreting β-cells in pancreatic islets is an important mechanism for maintaining and adapting islet function to systemic increases in insulin demand. Disruption of β-cell replication or increased rates of β-cell death could cause a decrease in β-cell mass and subsequently reduction in insulin secretion (Ritzel et al., 2006) . A few studies reported the adverse effects of gestational diabetes on pancreas of rat offspring. Limitations of study and the multiplicity of factors like feeding behavior and diet make it difficult to explore the pathophysiological mechanisms of gestational diabetes-induced diabetes in offspring. So, animal models of GDM provide an important research tool for investigation of this issue. Induction of hyperglycaemia in pregnant rats by streptozotocin injection has been reported in previous studies. Mild maternal hyperglycaemia induced by streptozotocin causes foetal hyperglycaemia, hyperinsulinaemia and macrosomia (Merzouk et al., 2000; Golalipour et al., 2010 Golalipour et al., , 2012 . However, it is unknown whether β-cell apoptosis is increased in offspring of diabetic rats. Therefore, this experimental study was designed to assess the effect of gestational diabetes on the b-cell mass and apoptosis in pancreatic islets of rat offspring in the postnatal 16 weeks of Wistar rats.
MATERIAL AND METHOD
The entire protocol was reviewed and approved by the Institutional Animal Care and Use Committee at the Golestan University of medical sciences, Gorgan, Iran.
Generation of the diabetic rat model. Adult Wistar rats aged 10-12 weeks were used in this study. The rats were kept in a temperature-controlled environment (21±2 °C), on 12 h light/dark cycles, and given free access to tap water and standard rat chow. Female Wistar rats were separately housed with a male for copulation. Vaginal plaque was mentioned daily as a positive sign of pregnancy and the day on which Vaginal plaque was seen and was considered day 0 of pregnancy. We used 21 pregnant rats, allocated in control (n=7) and diabetic (n=14) groups. Diabetic group rats were made diabetic by single intraperitoneal injection of freshly prepared STZ solution (40 mg/kg body weight) in sterile saline solution (0.85 %) on day 1 of gestation (Pasek & Gannon, 2013) . control group rats were injected with equivalent volume normal saline. Four days later, blood glucose levels were checked using a glucometer (ACCU-CHEK ® Active Glucometer, Roche Diagnostics, Germany).
If glucose levels were between 120-250 mg/dl, the rats were selected and used as GDM. The pregnant rats were allowed to deliver spontaneously. After offspring reached puberty, their Blood glucose level was estimated with a glucometer. A total of six diabetic offspring from GDM mothers at the age of 16 weeks were selected. Offspring from normal pregnant rats were used as controls. Rats were sacrificed and whole pancreas tissue was dissected and fixed in bouin fixative and 4 % paraformaldehyde for Gomori's Trichrome Staining and tunnel test respectively. Then tissue samples were paraffin embedded for microscopic examination in accordance with routine laboratory procedures.
Gomori's Trichrome Staining. Gomori's chrome alumhematoxylinphloxine stain distinguishes the alpha and beta cells of the pancreas. Histopathologic examination and grading were carried out on Gomori's chrome alumhematoxylinphloxine stain (Gomori, 1941) . The number of islets and the number of β-cells of each islet were counted by Olympus BX 51 microscope and DP12 digital camera attached to OLYSIA autobio report software (Olympus Optical, Co. LTD, Tokyo, Japan). Furthermore, the islet diameters were measured using calibrated micrometer. In each sample, ten similar sections of pancreas tissue were selected and images of five separate fields were captured.
TUNEL staining. Apoptosis in pancreas tissue of diabetic and control offspring was detected by means of the terminal deoxynucleotidyl transferase (TdT)-mediated 2-deoxyuridine 5-triphosphate (dUTP) nick-end labeling (TUNEL) assay, according to the kit instructions (Roche, Germany). Briefly, pancreases from diabetic and control groups immediately fixed by 4 % paraformaldehyde for 12 h at room temperature.
Sections of 5 mm in thickness were cut and adhered to glass slides using 0.1 % poly-L-Lysine (Sigma) and then dried at room temperature (25 °C). The Roche Molecular Biochemicals In Situ Cell Death Detection Kit was used according to the manufacturer's instructions. After rinsing with PBS, samples were analyzed under a light microscope using Olysia Bio software.
Statistical analysis.
Morphometric data is expressed as the mean ± SEM and analyzed by the Student's t test using SPSS 16.5 software, significance level was set 0.05. Ethical approval. All applicable international, national, and/or institutional guidelines for the care and use of animals were followed.
RESULTS

Blood glucose measurements.
Fasting blood glucose concentration was significantly increased in infants of diabetic rats (Fig. 1) . At 16 weeks of age, about 60 % of the IDMs developed mild hyperglycemia and glucose levels were markedly elevated compared to controls (P<0.001).
Morphometric analysis. Data from Gomori's Trichrome
Staining of pancreatic islets in diabetic and control offspring are shown in Table I . The mean ± SE of b-cells number in control and diabetic group was 99.74±7.10 and 65.21.56±6.26, respectively. This difference was significant (p<0.05). Fig. 2 , Apoptotic β-cell was identified by TUNEL staining. Our results showed that in the diabetic pancreas the number of apoptotic cells is increased compared to normal pancreas. Mean ± SE of apoptotic β-cells number in control and diabetic group was 8.24± 2.3 and 23.46± 3.34 respectively (Table I) .
Cell apoptosis. As shown in
DISCUSSION
This study was designed to investigate the pancreatic beta cell apoptosis in the offspring of mildly hyperglycaemic rats. We used streptozotocin treatment of pregnant Wistar rats to induce mild maternal hyperglycaemia, resulting in hyperglycaemic offspring. The results of our study demonstrate that GDM reduced the beta cell in pancreas tissue of adult offspring. Also, the results of TUNEL staining demonstrated that GDM increased apoptosis in pancreatic beta cells of offspring.
It has proved that the first years of life in humans, and the first postnatal months of life in rodents, are critical periods of pancreatic β-cells growth that result in establishment of appropriate β-cells mass (Georgia & Bhushan, 2004; Kushner et al., 2005; Teta et al., 2005 & Meier et al., 2008 . Fetal hyperglycemia is a consequence of maternal hyperglycemia that may disturb β-cells growth during early postnatal period and causes diabetes in offspring later in life. (Aerts et al., 1990) . Consistent with our previous studies (Ritzel et al. & Golalipour et al., 2012) , offspring rats mainly developed hyperglycemia during adulthood. Mean±SE of blood glucose in control and diabetic group was 98.5 and 232 mg/dl respectively (P<0.001).
Recent studies showed a significant reduction in bcell mass in patient with diabetes (both type 1 and type 2) (Butler et al. & Meier et al., 2005) . In type 1 diabetes, it has shown that β-cell mass is reduced by 70-80 % at the time of diagnosis. Also, our previous study on rat model of diabetes has shown that STZ markedly cause reduction in β-cell mass and pancreatic islets in adult rats (Golalipour et al., 2010) .
In this study, we demonstrated the induced diabetes mellitus diabetes during pregnancy significantly reduced in beta cell density (Table I ). These results indicated that in utero exposure to impaired glucose homeostasis has severe consequences and alters the growth of β-cells in the adults.
We also surveyed the apoptosis in pancreatic islets of GDM and normal offspring. Our result showed more than threefold increase in β-cell apoptosis in GDM offspring at 16 weeks of life (Table I ). In type 2 diabetic subjects, initial pathological studies suggested a β-cell apoptosis of 25-50 %. Furthermore, it was shown that β-cell apoptosis causes a gradual β-cell depletion in rodent models of type 1 diabetes (Cnop et al., 2005; Eizirik & Mandrup-Poulsen, 2001 ).
Identification of factors that induce apoptosis in pancreatic b-cell is necessary. There is strong evidence that IL-1 β contributes to β -cell apoptosis in type 2 and type 1 diabetes via activation of NF-KB. NF-KB activation leads to production of nitric oxide (NO) and depletion of endoplasmic reticulum (ER) calcium (Ammendrup et al., 2000; Cnop et al.) . So, IL-1β pathway may be a possible mechanism for β-cell apoptosis in infants of GDM. Together with previous observation, β-cell apoptosis may thus be a common feature of diabetes including type 1diabetes, type 2 diabetes, gestational diabetes and diabetes in the offspring of GDM.
In conclusion, our data showed that β-cells number reduces in offspring of rats with mild hyperglycemia. Furthermore, diabetic offspring had significantly more apoptotic beta cells than controls. Despite the importance of the metabolic consequences of GDM, no detailed study has been conducted on the effect of maternal diabetes on pancreatic beta cell changes in the offspring. Taken together this study may help toward understanding of the mechanism underlying GDM caused diabetes in the offspring.
